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(57) ABSTRACT

A plenum with features to disperse acoustic energy in an
airflow while maintaining a relatively small pressure drop in
the airflow is disclosed. A general structure of the plenum
may include a perforated airflow passage surrounded by a
substantially large space enclosed between the airflow pas-
sage and a plenum. The perforated airflow passage has a
perforated wall that may allow the acoustic energy to be
dispersed into the substantially large space when flowing
through the airflow passage. Acoustic energy dispersing
materials may also be disposed in the substantially large
space and/or on the perforated wall to help disperse acoustic
energy by, for example, absorbing the acoustic energy. The
plenum can help disperse the acoustic energy while helping
minimize the pressure drop in the airflow.
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1
ACOUSTIC DISPERSING AIRFLOW
PASSAGE

FIELD

The disclosure herein relates to a heating, ventilation and
air conditioning (HVAC) system. Particularly the disclosure
herein relates to a plenum that includes features configured to
disperse acoustic energy when an airflow flows through an
airflow passage of the plenum. The plenum can help attenuate
and/or reduce the noise of the HVAC system.

BACKGROUND

A HVAC system typically includes one or more fans to
drive an airflow to flow through a generally closed plenum.
The operation of the fan, and/or other components of the
HVAC system may produce noise in the plenum of the HVAC
system. For example, noise can be produced when the airflow
moves through or past fan blades.

SUMMARY

Embodiments disclosed herein generally relate to a plenum
of, for example, a HVAC system, that may include features to
help disperse acoustic energy while helping minimize a pres-
sure drop in the airflow. The embodiments of plenum as
disclosed herein may help attenuate and/or reduce noise in the
airflow.

A general structure of the embodiments disclosed herein
may include an airflow passage positioned in a plenum, where
the airflow passage may be configured to allow acoustic
energy to be dispersed into the plenum. The embodiments as
disclosed herein may have the acoustic dispersing effect of a
traditional plenum, while having a relatively small pressure
drop similar to an airflow duct made of a solid material.

In some embodiments, the airflow passage may include a
perforated wall. The airflow passage and the perforated wall
are surrounded by a substantially large enclosed space
between the airflow passage and a plenum housing. The term
“substantially large”, for example, is relative to the airflow
passage. Generally, the substantially large space means that
the space surrounding the airflow passage is larger than the
space defined by the airflow passage.

The perforated airflow passage may allow the acoustic
energy to be dispersed into the enclosed space when the
airflow flows through the perforated airflow passage due to,
for example, impedance mismatch. The substantially large
space surrounding the perforated airflow passage may help
disperse acoustic energy by, for example, acoustic reactance
of the space.

The perforated airflow passage may also help contain most
of the airflow inside the airflow passage. The airflow may be
expanded into the enclosed space surrounding the airflow
passage through openings of the perforated wall, which may
increase an air pressure in the enclosed space surrounding the
airflow passage. The increase of the air pressure in the
enclosed space may help prevent the airflow from flowing out
of'the perforated wall. This can help contain the airflow in the
perforated airflow passage, so that the perforated airflow pas-
sage in the plenum may behave like a “virtual duct”, resem-
bling an airflow duct that is made of a solid material. As a
result, when the airflow flows through the airflow passage, a
pressure drop in the airflow may be relatively small. The
plenum as disclosed herein allows the acoustic benefits, e.g.
multiple expansions and/or contractions, of a traditional ple-
num, while reducing the pressure drop compared to a tradi-
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2

tional plenum. The embodiments as disclosed herein may
have the benefit of acoustic energy dispersing properties of
the plenum, while behaving like a “virtual duct” that help
minimize a pressure drop in the airflow.

In some embodiments, a cross section of the airflow pas-
sage may be configured to match a profile, such as shape and
size, of a discharge of a fan. When the profile of the airflow
passage is properly configured relative to dimensions of the
discharge of the fan, the airflow passage may act as an airflow
duct, which may allow static pressure regain.

In some embodiments, the perforated wall may be pro-
vided by a perforated sheet metal.

In some embodiments, an acoustic energy dispersing mate-
rial (such as fiberglass), may be disposed in the enclosed
space and/or on the perforated wall to help disperse acoustic
energy by, for example, absorbing the acoustic energy. In
some embodiments, the acoustic energy dispersing material
may be disposed next to the airflow passage.

Other features and aspects of the embodiments will
become apparent by consideration of the following detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the drawings in which like ref-
erence numbers represent corresponding parts throughout.

FIGS. 1A and 1B illustrate typical configurations directed
to disperse acoustic energy in a plenum of a HVAC system.

FIGS. 2A to 2D illustrate a plenum that includes features to
help disperse acoustic energy, according to one embodiment.
FIG. 2A illustrates a front perspective view of the plenum and
afan. FIG. 2B illustrates an exemplary perforated sheet metal
that can be used to provide a perforated wall of an airflow
passage. FIG. 2C is a sectional view along a line 2C-2C in
FIG. 2A. FIG. 2D is a sectional view along a line 2D-2D in
FIG. 2A.

FIGS. 3A to 3C illustrate different configurations of a
plenum and a fan. FIG. 3 A illustrates a plenum with an airflow
passage that is positioned next to a discharge of a fan, accord-
ing to one embodiment. FIG. 3B illustrates a plenum with an
airflow passage that is positioned next to an inlet of a fan,
according to another embodiment. FIG. 3C illustrates another
embodiment of a plenum with an airflow passage that is
positioned next to a discharge of a fan.

FIGS. 4A to 4C illustrates different embodiments of a
plenum that is adapted to work with a direct drive plenum fan.
FIG. 4A illustrates a plenum with an airflow passage that is
positioned next to an inlet of a plenum fan, according to one
embodiment. FIG. 4B illustrates a plenum with an airflow
passage that is positioned next to an inlet of a plenum fan,
according to another embodiment. FIG. 4C illustrates a ple-
num with an airflow passage that is positioned next to a
discharge of a plenum fan, according to another embodiment.

FIGS. 5A to 5D illustrate a plenum that is configured to
work with an outdoor unit of a HVAC system. FIG. 5A illus-
trates a plenum installed on a discharge of one fan of the
outdoor unit. FIG. 5B illustrates an exploded view of an
exemplary plenum that is configured to work with the outdoor
unit. FIG. 5C illustrates an exemplary airflow passage of the
plenum. FIG. 5D illustrates an end view of the plenum.

DETAILED DESCRIPTION

Noise can be produced when an airflow is driven through a
ductwork, such as a plenum of a HVAC system, by a fan or
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when the airflow moves through fan blades. In some HVAC
systems, attempts have been made to reduce the noise in the
plenum.

FIGS. 1A and 1B illustrate schematic cross section views
of typical configurations of a plenum 110 in a HVAC system
100 designed to disperse acoustic energy when an airflow 150
flows through the plenum 110. A fan 120 is enclosed in the
plenum 110. The term “plenum” typically means a manifold
that is typically substantially larger in size than what may be
necessary to allow an airflow to flow through. The relatively
large size of the plenum 110 may help disperse acoustic
energy.

As illustrated in FIG. 1A, the plenum 110 has a discharge
plenum 112, which is configured to direct the airflow 150 out
of a discharge 122 of the fan 120. The airflow 150 and its
direction are represented in the figures by a block arrow. The
discharge plenum 112 of'the plenum 110 includes an inlet 114
and an outlet 116. The inlet 114 is configured to fit the dis-
charge 122 of the fan 120 and may be configured to receive the
airflow 150 discharged by the fan 120. The outlet 116 is
configured to direct the airflow 150 out of the discharge
plenum 112. The discharge plenum 112 includes an interme-
diate portion 118 having a space 140 that has a relatively large
size.

When the airflow 150 flows from the inlet 114 into the
intermediate portion 118, the airflow 150 may have an expan-
sion because of the relatively large size ofthe space 140 of the
intermediate portion 118. This expansion may create, for
example, impedance mismatch in acoustic energy of the air-
flow 150. As a result, the acoustic energy is dispersed into the
space 140 of the intermediate portion 118, reducing the noise.
The acoustic energy may be dispersed, for example, due to
acoustic reactance of the space 140. However, the expansion
of the airflow 150 may cause a pressure drop in the airflow
150.

In some embodiments, the discharge plenum 112 may
include one or more layers of acoustic dispersing material
130, such as fiberglass. The acoustic dispersing material 130
can help disperse the acoustic energy by, for example, absorb-
ing the acoustic energy.

When the airflow flows from the intermediate portion 118
to the outlet 116, the airflow 150 can be contracted, which
may also cause impedance mismatch in the acoustic energy,
resulting in noise reduction. However, the contraction of the
airflow can also cause a pressure drop. Therefore, the dis-
charge plenum 112 as illustrated in FIG. 1A, even though it
has the benefit of reducing noise in the airflow 150, may cause
apressure drop in the airflow 150 when the airflow 150 flows
through the discharge plenum 112. The pressure drop may not
be desirable.

As illustrated in FIG. 1B, in some embodiments, the dis-
charge plenum 112 may also include a silencer 131 positioned
in the space 140 of the intermediate portion 118 of the dis-
charge plenum 112. The silencer 131 may include one or
more silencing members 132 arranged in a direction that is
generally perpendicular to the airflow 150. Each of the silenc-
ing members 132 may include an acoustic energy dispersing
material 130, e.g. fiberglass. The neighboring silencing mem-
bers 132 are configured to form one or more channels 134 to
allow the airflow 150 to pass through.

When the airflow 150 flows through the channels 134 of the
silencer 131, the acoustic energy dispersing material 130 can
absorb acoustic energy in the airflow 150. A pressure drop
may be caused by the airflow 150 flowing through the chan-
nels 134, because the relatively smaller size of the channels
134 relative to the size of the discharge plenum 112. The
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4

silencer 131 generally is not configured to disperse the acous-
tic energy by causing expansion of the airflow, such as caused
by the plenum 112.

The plenum configurations as illustrated in FIGS. 1A and
1B, while they may help disperse the acoustic energy, may
cause undesirable pressure drop in the airflow. Improvements
that may help disperse acoustic energy while helping mini-
mize the pressure drop in the airflow may be desired.

The acoustic energy dispersing material 130 can also help
disperse acoustic energy. The effect of the acoustic energy
dispersing material 130 may be different from the plenum
112. For example, in some embodiments, the acoustic energy
dispersing material 130 (e.g. fiberglass) may help disperse the
acoustic energy better than the plenum 112 when the acoustic
frequency is relatively high. The acoustic dispersing effect of
the plenum 112 may be more effective than the acoustic
energy dispersing material 130 when the frequency is rela-
tively low.

Embodiments disclosed herein generally relate to a plenum
that may include features to help disperse acoustic energy.
The plenum may be a section of a plenum system of a HVAC
system and may be positioned next to a discharge and/or an
inlet of a fan. A general structure of the embodiments of the
plenum disclosed herein may include an airflow passage with
a perforated wall surrounded by a substantially large space
enclosed between the airflow passage and a plenum housing.
The perforated airflow passage may behave like a “virtual
duct” when the airflow flows through therein, while allowing
the acoustic energy to be dispersed through openings of the
perforated wall into the surrounding space. The embodiments
as disclosed herein may have the benefit of acoustic energy
dispersing properties of the plenum, while behaving like a
“virtual duct” that may help minimize a pressure drop in the
airflow.

The perforated wall may allow acoustic energy in the air-
flow to disperse through openings of the perforated wall. For
example, when the airflow flows through the perforated air-
flow passage, the airflow may expand suddenly into the space
through the openings, which may help disperse the acoustic
energy. The acoustic energy dispersed through the opening of
the perforated wall may be dispersed in the space surrounding
the airflow passage by, for example, acoustic reactance of the
space.

The airflow in the airflow passage may expand into the
space surrounding the airflow passage. This may help
increase an air pressure in the space, providing a resistance to
an airflow flowing through the airflow passage. In some
embodiments, the resistance may help retain the airflow
inside the passage, so that the passage may behave like an
airflow duct made of a solid metal to the airflow. Thus, a
pressure drop in the airflow when flowing through the airflow
passage may be relatively small. In some embodiments,
acoustic energy dispersing materials (such as fiberglass), may
be disposed in the space and/or on the perforated wall to help
disperse acoustic energy by, for example, absorbing the
acoustic energy. The embodiments ofthe plenum as disclosed
herein may help disperse acoustic energy in the airflow so as
to reduce noise of the airflow while causing a relatively small
pressure drop when the airflow flowing through the plenum.

References are made to the accompanying drawings that
form a part hereof, and in which are shown by way of illus-
tration of embodiments of a plenum and an airflow passage of
aplenum that may be practiced. It is to be understood that the
terms used herein are for the purpose of describing the figures
and embodiments and should not be regarding as limiting in
scope.



US 9,305,539 B2

5

FIGS. 2A to 2D illustrate one embodiment of a plenum 210
that is configured to disperse acoustic energy while helping
reduce a pressure drop in an airflow (e.g. the airflow 280 in
FIG. 2C). The plenum 210 includes a plenum housing 212
and an airflow passage 214 enclosed by the plenum housing
212. The plenum housing 212 may be generally made of a
solid sheet material (e.g. sheet metal).

The airflow passage 214 has a perforated wall 217. The
perforated wall 217 of the airflow passage 214 may be made
of, for example, a perforated sheet metal 215 as illustrated in
FIG. 2B. The perforated sheet metal 215 is generally a sheet
metal with a plurality of openings 216. The plurality of open-
ings 216 allow fluid communication between the airflow pas-
sage 214 defined by the perforated wall 217 and the space 220
defined between the plenum housing 212 and the perforated
wall 217.

Referring to FIG. 2A, the airflow passage 214 and the
plenum housing 212 define a space 220 between the airflow
passage 214 and the plenum housing 212. Relative to a lon-
gitudinal direction that is defined by a length L. of the plenum
210, the airflow passage 214 generally has a relatively uni-
form cross section shape.

The airflow passage 214 has a first end 2144 and a second
end 2145b. In the illustrated embodiment in FIG. 2A, the
plenum 210 is positioned next to a discharge 252 of a fan 250,
with the understanding that the plenum 210 may also be
positioned away from the discharge 252. The first end 214a
can be configured to match a profile (such as size and shape)
of the discharge 252. As a result, when a discharge airflow
driven by the fan 250 is received by the airflow passage 214
through the first end 214a, the pressure drop in the airflow
may be relatively small.

In some embodiments, a layer of acoustic energy dispers-
ing material 260 may be disposed in the space 220. In some
embodiments, the layer of acoustic energy dispersing mate-
rial 260 may be disposed next to the perforated wall 217 of the
airflow passage 214 and extend along the longitudinal direc-
tion that is defined by the length L. In some embodiments, the
layer of acoustic energy dispersing material 260 may fill a
portion of the space 220.

FIG. 2C illustrates a cross-section view along a line 2C-2C
in FIG. 2A. The plenum 210 generally has the plenum hous-
ing 212 enclosing the airflow passage 214 that has the perfo-
rated wall 217. The plenum housing 212 and the airflow
passage 214 define a space 220 therebetween. The plenum
housing 212 is generally substantially larger than the airflow
passage 214. The space 220 is therefore substantially larger
than a volume defined by the airflow passage 214. In some
embodiments, the volume of the space 220 is about two times
larger or more than the volume defined by the airflow passage
214. In some embodiments, a cross section of the space 220 is
two times or more than the cross section of the airflow passage
214. (See FIG. 2D.)

The airflow passage 214 has the first end 214a and the
second end 214b. The first end 214a is configured to match
the profile of the discharge 252 of the fan 250. The airflow
passage 214 has a height H1 that is about the same as a height
H2 of the discharge 252. See e.g. F1G. 2C. Along the length L.
of'the plenum 210, the height H1 of the airflow passage 214 is
generally constant. The airflow passage 214 is generally
aligned with the discharge 252 of the fan 250. This configu-
ration may help reduce a pressure drop when the airflow flows
through the airflow passage 214. When the profile of the
airflow passage 214 is properly configured relative to dimen-
sions of the discharge 252 of the fan 250, the airflow passage
214 may act as an airflow duct, which may allow static pres-
sure regain.
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As illustrated in FI1G. 2C, the size of the space 220 between
the airflow passage 214 and different sides of the plenum
housing 212 may vary. For example, as illustrated in FIG. 2C,
a space 220a between an upper side 214U and a upper side
212a of the plenum housing 212 may be configured to be
smaller than a space 2205 between a lower side 214L. and a
lower side 21254 of the plenum housing 212.

Similarly, as shown in FIG. 2D, the space 220 between side
walls 214a, 2145 of the airflow passage 214 and side walls
212L, 212R of the plenum housing 212 may also be varied.
For example, as illustrated in FIG. 2D, a space 220c¢ between
the side wall 214a and the side wall 2121, of the plenum
housing 212 may be configured to be smaller than a space
220d between the side wall 2145 and the side wall 212R of the
plenum housing 212. The different sizes of the spaces 220a,
2205, 220c¢ and 2204 may cause a peak acoustic reactance of
the spaces 220a-d to be at different acoustic frequency ranges.
The different sizes of the spaces 220a, 2205, 220¢ and 2204
may help the plenum housing 212 have multiple acoustic
reactance peaks corresponding to multiple acoustic fre-
quency ranges.

The layer of the acoustic energy dispersing material 260
may be disposed in the space 220. Referring to FIGS. 2C and
2D together, the layer of acoustic energy dispersing material
260 may be disposed next to the perforated wall 217 of the
airflow passage 214, with the understanding that this is exem-
plary. Generally, the thicker the acoustic energy dispersing
material 260 is, the better the acoustic energy dispersing
effect. In some embodiments, a thickness T2 of the acoustic
energy dispersing material 260 may be about 1 to about 4
inches.

When the acoustic energy disperses into the space 220
through the openings 216 of the airflow passage 214, the
acoustic energy may be dispersed by the acoustic dispersing
material 260 by, for example, absorbing the acoustic energy.
Some acoustic dispersing material may include fiberglass,
and/or foam.

As shown in FIG. 2C, in operation, an airflow 280 dis-
charged by the fan 250 may be received by the first end 214a
of the airflow passage 214. The airflow 280 is shown as a
block arrow in FIG. 2C.

Because the size and the shape of the discharge 252 are
about the same as the first end 214a, a pressure drop in the
airflow 280 when the airflow 280 is received by the first end
214a is relatively small.

The airflow is then directed by the airflow passage 214
along the perforated wall 217. As illustrated in FIG. 2B, the
perforated wall 217 may be provided by, for example, a per-
forated sheet metal 215 with the openings 216.

When the airflow 280 flows into the perforated airflow
passage 214, the acoustic energy can be dispersed through the
openings 216 of the perforated wall 217 into the relatively
large space 220 surrounding the perforated wall 217. This
may help disperse the acoustic energy away from the airflow
passage 214 into the space 220. Dispersing the acoustic
energy into the relatively large space 220 may help reduce
sound/noise in the airflow 280.

The space 220 is confined by the plenum housing 212.
When the airflow 280 flows through the airflow passage 214,
some portion of the airflow 280 may expand into the space
220 through the openings 216 relatively quickly. The expan-
sion of the airflow 280 may increase an air pressure in the
confined space 220. The increase of the air pressure in the
space 220 may help retain the airflow 280 inside the airflow
passage 214. In other words, the pressure increase caused by
initial expansion of the airflow 280 in the airflow passage 214
may generally prevent the airflow 280 from flowing out of the
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perforated wall 217 of the airflow passage 214 (e.g. through
the openings 216 of the sheet metal 215 in FIG. 2B). As a
result, the airflow passage 214 may behave like an airflow
duct made with a solid material, and have a relatively small
pressure drop when the airflow 280 flows through therein.

The size and the density of'the openings 216 may be varied.
An optimal opening size and/or density may be obtained by
testing in a laboratory and/or by computer simulation, for
example. In some embodiments, a total area of the openings
216 is about 15% to 58% of a total area of the corresponding
perforated sheet metal 215.

When the airflow passage 214 are configured so that the
airflow passage 214 generally does not allow the airflow 280
to flow out of the openings 216, the airflow passage 214
generally behaves or functions as a solid walled duct, e.g. that
is made of solid sheet metal. Therefore, when the airflow 280
flows through the airflow passage 214, the pressure drop in
the airflow 280 may be relatively small. When the airflow 280
flows out of the airflow passage 214 through the second end
214b, the pressure drop in the airflow may be relatively small
also because the size and the shape of the second end 2145
generally matches the profile of the airflow passage 214.

In atypical plenum, a relative large size of the plenum may
have a good acoustic energy dispersing effect, but may cause
a relatively large pressure drop in an airflow flowing through
therein. A typical duct may cause a relatively small pressure
in the airflow flowing through therein, but may have relatively
small acoustic energy dispersing effect. The embodiments as
disclosed herein, which generally includes the plenum hous-
ing 212 enclosing the perforated airflow passage 214, may
allow acoustic energy to be dispersed into the space 220
surrounding the perforated airflow passage 214, while help-
ing retain most of the airflow 280 inside the airflow passage
214. This may allow the acoustic dispersing effect ofa typical
plenum, while helping minimize the pressure drop in the
airflow 280, e.g. while behaving like a typical duct.

In some embodiments, the size of the space 220 between
the perforated wall 217 of the airflow passage 214 and the
plenum housing 212 may vary. As illustrated in FIGS. 2C and
2D, the upper space 220a, the lower space 2205, and the
spaces 2201 and 220R may have different sizes. That is,
relative positions of the airflow passage 214 with respect to
the sides 212a, 2125, 2121, and 212R of the plenum housing
212 may not necessarily be the same. By varying the relative
positions of the airflow passage 214 with respect to the sides
212a,2125b, 2121, and 212R, the plenum 210 may be tuned to
disperse acoustic energy of arelatively wide range of frequen-
cies. The spaces 220a, 2205, 2201 and 220R with different
sizes may provide a peak acoustic reactance at different
acoustic frequency ranges. Thus, the space 220 can be opti-
mized to disperse acoustic energy at different frequency
ranges.

In some embodiments, a layer of acoustic energy dispers-
ing material can be disposed in the space 220. As illustrated,
the acoustic energy dispersing material can be disposed next
to the perforated wall 217 of the airflow passage 214. The
acoustic energy can also be dispersed by the acoustic disperse
material by, for example, absorbing the acoustic energy.
Some acoustic disperse material may include, for example,
fiberglass, foam.

Generally, the longer the length L of the plenum 210 is, the
better the acoustic energy dispersing effect. In some specific
embodiments, a plenum of about 1 to 6 feet in length may
provide observable acoustic energy dispersion effects.
Embodiments of plenum as disclosed herein may be gener-
ally suitable for dispersing acoustic energy when the acoustic
frequency is relatively low (such as about 50 to 100 Hz).
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Embodiments of a plenum as disclosed herein may also be
suitable for helping disperse acoustic energy when the acous-
tic frequency is about 200 Hz to about 2000 Hz.

The embodiment as disclosed in FIGS. 2A to 2D discloses
the plenum 210 that may include features to disperse acoustic
energy in an airflow while causing a relatively small pressure
drop in the airflow. The embodiments are exemplary. Gener-
ally, a plenum that includes features to disperse acoustic
energy while causing a relatively small pressure drop in the
airflow may include an airflow passage with a perforated wall
positioned in the plenum. The airflow passage may be sur-
rounded by an enclosed space (for example, the space 220 that
is enclosed by the plenum 210) that is substantially larger than
the airflow passage. The perforated wall allows the airflow
passing through the airflow passage to disperse the acoustic
energy into the relatively large space surrounding the airflow
passage. The acoustic energy can be dispersed by, for
example, acoustic reactance of the space. The airflow may
expand into the space, causing pressure increase in the space.
The pressure increase in the space may help retain the airflow
inside the airflow passage when the airflow flows through the
airflow passage. As a result, even though the airflow passage
may include perforated wall that allows the airflow to disperse
the acoustic energy, the airflow passage may act as a “virtual
duct” that behaves like a duct made of a solid material. Hence,
the pressure drop in the airflow may be relatively small when
flowing through the plenum.

In some embodiments, an acoustic energy dispersing mate-
rial may be used. The acoustic energy may be dispersed by the
dispersing material by, for example, absorbing the acoustic
energy. The acoustic energy dispersing material can be posi-
tioned in the space and/or next to the perforated wall of the
airflow passage. The airflow passage can be positioned in a
plenum duct system of a HVAC system.

FIGS. 3A to 3C illustrate different embodiments of ple-
nums 310a, 3105 and 310c¢ respectively that include features
to help disperse acoustic energy.

FIG. 3A illustrates that in some embodiments, a space
320a between a side of an airflow passage 314a with a per-
forated wall 3174 and a side of a plenum 312a may be filled
with an acoustic energy dispersing material 360a.

FIG. 3B illustrates that the plenum 3106 with features to
disperse acoustic energy may also be positioned next to an air
inlet 3545 for the fan 35054. It is noted that generally all the
embodiments as disclosed herein can be positioned next to an
air inlet and/or discharge for the fan.

FIG. 3C illustrates that in one embodiment of a plenum
310c, relative to an airflow passage 315¢, an acoustic energy
dispersing material 360c may be positioned over a perforated
material 314¢. In the embodiment as illustrated in FIG. 3C,
the airflow passage 315¢ is generally immediately sur-
rounded by the acoustic energy dispersing material 360c. The
airflow passage 315c¢ is configured to match a profile (includ-
ing for example size and shape) of a discharge 352¢ of a fan
350c. Acoustic energy can be dispersed by the acoustic
energy dispersing material 360c¢ first, then dispersed through
the perforated material 314¢ into a space 320c.

It is to be understood that FIGS. 2A, 2C, 2D, and 3A to 3C
generally illustrate a centrifugal fan. This is exemplary. The
embodiments as disclosed herein can generally be used with
other types of fans, including, for example, direct drive ple-
num fans, axial fans or other suitable types of fans.

FIGS. 4A to 4C illustrate that embodiments of plenums
410a, 4105 and 410c¢ respectively may be used with plenum
fans 450a, 4505, and 450c¢ respectively. The plenums 410a,
41056 and 410¢ may include features configured to help dis-
perse acoustic energy.
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As illustrated in FIGS. 4A and 4B, the airflow passages
410q and 4105 may be positioned next to an inlet 452a and
4525 of the fans 450a, 4505 respectively. As illustrated in
FIG. 4C, the airflow passage 410c¢ can be positioned next to a
discharge 454¢ of the fan 450c.

It is to be noted that all the embodiments of the plenums as
disclosed herein can generally be positioned at the discharge
and/or the inlet for the fan. In some embodiments, the ple-
nums can be positioned nextto the fan. In some embodiments,
the plenums can be positioned away from the discharge and/
or inlet of the fan.

FIGS. 5A to 5D illustrate a plenum 510 that may include
features to disperse acoustic energy. The plenum 510 is used
with an outdoor unit 570 of a HVAC system 500. The plenum
510 may be positioned on a discharge 552 of a fan 550.

FIG. 5B illustrates an exploded view of the plenum 510,
with the understanding that the structure as illustrated in FIG.
5B is exemplary and not meant to be a limitation.

The general structure of the plenum 510 includes an airflow
passage 514 that is enclosed by a plenum housing 512
assembled, for example, by two end panels 512a, 5126 and
four side panels 512¢. The panels 512a, 5125 and 512¢ may
be constructed with solid metal sheets. The airflow passage
514 and the plenum 512 define a space 520 as illustrated in
FIG. 5D.

As illustrated in FIG. 5C, the airflow passage 514 may be
made of a perforated sheet metal 515 with a plurality of
openings 516.

As shown in FIG. 5A, the discharge 552 of the fan 550 has
a circular shape in this embodiment. The airflow passage 514
may be shaped to match the circular shape of the discharge
552 of the fan 550. Generally, the airflow passage 514 has a
cylindrical shape to match the circular shape of the discharge
552 of the fan 550, as illustrated in FIGS. 5A to 5D.

As illustrated in FIG. 5D, the airflow passage 514 and
plenum 512 define the enclosed space 520 therebetween.
Acoustic energy of a discharge airflow of the fan 550 may be
dispersed into the space 520 through the openings 516. An
acoustic energy dispersing material 560 may also be disposed
in the space 520 to disperse acoustic energy by, for example,
absorbing the acoustic energy. The acoustic energy dispers-
ing material 560 may be disposed next to the airflow passage
514.

Itis to be appreciated that other embodiment of the plenum,
such as disclosed in FIGS. 2A to 2D, 3A to 3C, can also be
adapted to use with a discharge fan of an outdoor unit of a
HVAC system.

Generally, the airflow passage can be shaped to match the
shape of a discharge of a fan. This may help minimize a
pressure drop in the discharge airflow when the discharge
airflow flowing through the airflow passage.

It is to be appreciated that the embodiments as disclosed
herein may be generally used in any suitable ductwork. The
embodiments of the plenum as disclosed herein may have the
benefit of acoustic energy dispersing effect of a plenum and
the benefit of a relative low pressure drop of a duct made of a
solid sheet material. The embodiments of the plenum behaves
differently from a duct with a relatively thick (e.g. 4-8 inches)
liner or outboard insulation (e.g. a low pressure drop
silencer), or an acoustical plenum acting as an expansion
chamber where a cross sectional area is substantially different
than the inlet/discharge dimensions.

With regard to the foregoing description, it is to be under-
stood that changes may be made in detail, without departing
from the scope of the present invention. It is intended that the
specification and depicted embodiments are to be considered
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exemplary only, with a true scope and spirit of the invention
being indicated by the broad meaning of the claims.

The invention claimed is:

1. An acoustic dispersing airflow passage, comprising:

a plenum housing having a first end and a second end, the
plenum housing being configured to have a length from
about 1 to 6 feet from the first end to the second end;

a perforated wall disposed within the plenum housing, the
perforated wall having an inner side and an outer side,
the outer side being disposed relatively closer to the
plenum housing than the inner side, the inner side being
opposite the outer side, the perforated wall surrounding
an airflow passage, the perforated wall extending
between the first end and the second end of the plenum
housing, the perforated wall being enclosed by the ple-
num housing; and

a centrifugal fan disposed outside of the plenum housing,
the centrifugal fan being fluidly connected to the airflow
passage, the centrifugal fan being configured to deliver a
stream of air through the airflow passage,

an acoustic dispersing space between the plenum housing
and the outer side of the perforated wall, the acoustic
dispersing space being free of acoustic dispersing mate-
rial, the acoustic dispersing space having a first volume,
the acoustic dispersing space surrounding the airflow
passage,

the airflow passage having a second volume, and

the first volume being at least two times larger than the
second volume.

2. The acoustic dispersing airflow passage of claim 1,
wherein the airflow passage has a uniform cross section along
a longitudinal direction between the first end and the second
end, and the cross section of the airflow passage matches a
profile of the centrifugal fan.

3. The acoustic dispersing airflow passage of claim 1, fur-
ther comprising: an acoustic dispersing material disposed on
the perforated wall.

4. The acoustic dispersing airflow passage of claim 1,
wherein a thickness of an acoustic dispersing material is 1 to
4 inches.

5. The acoustic dispersing airflow passage of claim 1, fur-
ther comprising:

an acoustic dispersing material disposed on the perforated
wall inside the airflow passage.

6. The acoustic dispersing airflow passage of claim 1,
wherein the plenum housing has four sides, and relative posi-
tions of the airflow passage with respect to the four sides of
the plenum housing are different.

7. The acoustic dispersing airflow passage of claim 1,
wherein the plenum housing has an upper side and a lower
side and a distance between the airflow passage and the upper
side of the plenum housing is different from a distance
between the airflow passage and the lower side of the plenum
housing.

8. The acoustic dispersing airflow passage of claim 1,
wherein the perforated wall has a plurality of openings,
wherein the openings have a combined surface area about
15% to 58% of a total surface area of the perforated wall.

9. The acoustic dispersing airflow passage of claim 1,
wherein the plenum housing is configured to be attached to an
inlet of the centrifugal fan.

10. A method of dispersing acoustic energy of an airflow in
a plenum housing, comprising:

directing an airflow using a centrifugal fan disposed out-
side the plenum housing through an airflow passage on
an inner side of a perforated wall disposed in the plenum
housing, wherein the plenum housing and the perforated
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wall include an acoustic dispersing space between the
plenum housing and an outer side of the perforated wall,
the outer side of the perforated wall being opposite the
inner side, the acoustic dispersing space being free of
acoustic dispersing material, the acoustic dispersing
space having a first volume, the acoustic dispersing
space surrounding the airflow passage, the airflow pas-
sage having a second volume, the first volume being at
least two times larger than the second volume;

dispersing acoustic energy of the airflow from the airflow
passage into the acoustic dispersing space; and

pressurizing the acoustic dispersing space with the airflow
so as to substantially retain the airflow inside the airflow
passage.

11. The method of claim 10, disposing an acoustic dispers-
ing material on the perforated wall.

12. The method of claim 10, disposing an acoustic dispers-
ing material on the perforated wall, the acoustic dispersing
material having a thickness of about 1 to 4 inches.

13. The method of claim 10, disposing an acoustic dispers-
ing material on the perforated wall within the second volume.
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